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Abstract

This paper develops an agency model of executive compensation in dynamic industry equilibrium.
Firms differ in the quality of their products, and managers can make a difference as higher effort brings
about product improvement. I show that there is an inverse relationship between the magnitude of the
performance-based component of optimal compensation contracts and the degree of product differenti-
ation, as managerial effort is less likely to make a difference for Þrms with more differentiated products.
Empirically, I Þnd strong evidence of this inverse relationship in the compensation of US executives.
In particular, I Þnd that pay-performance sensitivity depends negatively on industry-level measures
of product differentiation, even after controlling for industry Þxed effects and standard measures of
product market competition. Moreover, industry leaders have weaker pay-performance sensitivity than
laggards, even after controlling for Þrm size and using instrumental variables to address the potential
endogeneity of Þrm position. My Þndings suggest that industry is an important determinant of executive
compensation.



1 Introduction

This paper argues that industry forces are of Þrst-order importance in determining executive compen-

sation. I develop an agency model of executive compensation in industry equilibrium where product

quality evolves over time as a result of product improvement effort by managers. In a large sample of

US executives between 1993 and 2004, I Þnd strong evidence in support of my model. In particular, I

document a robust negative relation between pay-performance sensitivity and product differentiation.

The level and incentive structure of executive compensation is a controversial topic that attracts

attention of both academic researchers and popular press. The classical view of executive compensation

as an agency problem (Holmstrom (1979), Holmstrom and Milgrom (1987)) emphasizes the trade-off

between incentives and insurance. According to this view, shareholders can ensure that managers

take optimal actions by tying managers� pay to the performance of their Þrms, that is, by providing

high-powered incentives for managers to maximize the returns to shareholders.

However, the empirical literature has found a puzzling lack of evidence of high-powered incentives,

which is typically interpreted to imply that managers are not given incentives to maximize the returns

to shareholders (see Bebchuk and Fried (2004) for a forceful statement of this view). This paper argues

that this �pay without performance� interpretation is not granted. I depart from the assumption of

exogenous returns to managerial effort, implicit in standard agency models, and emphasize that the

value of managerial effort to shareholders is determined endogenously in industry equilibrium. In this

case, I show that the infrequent use of high-powered incentives ceases to be a puzzle: incentives don�t

always make a difference for shareholders.

My model formalizes the link between executive pay and product differentiation. I introduce a stan-

dard principal-agent problem along the lines of Holmstrom (1979) and Holmstrom and Milgrom (1987)

into a dynamic industry equilibrium model with differentiated Bertrand competition (e.g., Ericson and

Pakes (1995), Maskin and Tirole (2000)). The key feature of the model is that Þrms are heterogeneous
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and differ in the quality of their products. Shareholders choose executive compensation, while managers

make product market and effort choices. My focus is on characterizing the way the dynamic interaction

between competitors affects shareholders� optimal choice of executive compensation. Since industry

structure ultimately results from this dynamic interaction between competitors, the model allows for

the simultaneous determination of executive compensation and industry structure and its evolution over

time.

I willingly refrain from postulating an exogenous beneÞt or return to managerial effort and think of

product improvement and the resulting industry equilibrium as the main source of return to managerial

effort. I show that managerial effort makes a difference when it increases future proÞtability and, ceteris

paribus, Þrm�s market share, through product improvement. In this case, I show that there is an inverse

relationship between the magnitude of the performance-based component of optimal compensation

contracts and the degree of product differentiation. This central prediction of my model follows from

the fact that managerial effort is less likely to make a difference for Þrms with more differentiated

products.

I test this prediction empirically in a large panel of US executives between 1993 and 2004. I link two

sources of data. My compensation data is from ExecuComp. I use an industry-level measure of product

differentiation proposed by Rauch (1999) and widely employed in the empirical literature on interna-

tional trade and product differentiation (see, for example, Bernard, Jensen, and Schott (2003)). Rauch

(1999) classiÞes 4-digit SITC sectors into two categories. Homogeneous sectors include goods that are

internationally traded in organized exchanges, with a well-deÞned price (e.g., wheat). Differentiated

sectors are those sectors that do not satisfy this criterion. I also construct measures of industry turbu-

lence and Þrm heterogeneity within an industry based on average job turnover within in industry and

average distance of Þrms from median industry sales. These measures have been previously employed,

although with a different motivation, respectively in job turnover (see Davis, Haltiwanger, and Schuh
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(1996)) and capital structure studies (see Titman (1984), MacKay and Phillips (2005)). This measure

allows me to proxy for the intensity of managerial effort directed toward product improvement. Finally,

I build indicators of Þrm position within an industry based on the ratio of Þrm sales to median industry

sales since my model also links Þrm position to pay-performance sensitivity.

Consistent with my industry model of executive compensation, I Þnd strong evidence of an inverse

relationship between pay-performance sensitivity and product differentiation. In particular, I Þnd that

pay-performance sensitivity depends negatively on industry-level measures of product differentiation.

This Þnding is robust to controlling for industry Þxed effects and standard measures of product market

competition such as concentration ratios. Moreover, I Þnd evidence supporting the Þner prediction of

my model that industry leaders have weaker pay-performance sensitivity than laggards, and document

that this relationship holds even after controlling for Þrm size. Finally, to rule out the possibility that

my results are due to endogeneity or omitted variable bias, I use instrumental variables and Þnd that

the link between Þrm position and pay-performance sensitivity is not spurious.

While my study of the link between executive pay and product differentiation within an explicit

dynamic industry equilibrium setting is, to the best of our knowledge, novel to corporate Þnance, there

are various important literatures related to my work. Schematically, my work is related to numerous

recent contributions which have sought to identify, both theoretically and empirically, the importance

of industry to corporate Þnancial (e.g. Bolton and Scharfstein (1990), MacKay and Phillips (2005),

Maksimovic and Zechner (1991)) and governance (e.g. Scharfstein (1988), Raith (2003), Aggarwal and

Samwick (1999)) decisions. My work also builds on recent developments of structural dynamic oligopoly

models to study the evolution of industry structure (e.g. Pakes and McGuire (1994, 2001), Doraszelski

and Satterthwaite (2003)). I detail on the most closely related work in these literatures in turn.

My work is related to the corporate Þnance literature on the relationship between product market

competition and managerial incentives. Aggarwal and Samwick (1999) and Kedia (2003) build on earlier
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theoretical contributions of Fershtman and Judd (1987) and Sklivas (1987) and document that some

industry level variables, such as, for example, the HerÞndahl index or whether Þrms compete in strategic

complements or substitutes, are determinants of top management compensation. Scharfstein (1988),

Schmidt (1997), and Raith (2003) study the link between product market competition and managerial

incentives within models of monopolistic competition. The main question in this literature pertains to

whether more intense product market competition improves incentives.

My dynamic industry equilibrium setting allows for strategic interaction among heterogeneous

oligopolists, hence enriching the set of determinants of cross-sectional differences in executive compen-

sation. It also contributes to the literature on managerial incentives and product market by bringing the

theoretical predictions of this class of models closer to the data. While, in fact, attempts to empirically

test the predictions of these models have been hampered by the notorious difficulty to Þnd empirical

proxies for the intensity of competition, my model links pay-performance sensitivity to a richer set of ob-

servable industry- and Þrm-level characteristics related to product differentiation, such as, for example,

position within the industry and status as entrant, incumbent, or exiting Þrm.

My main argument that the dynamic interaction between competitors enriches the set of cross-

sectional determinants of executive pay builds on recent theoretical advances in industrial organization.

In particular, I introduce a standard agency model of executive compensation into a dynamic oligopoly

setting with differentiated products (Ericson and Pakes (1995), Pakes and McGuire (1994, 2001), Do-

raszelski and Satterthwaite (2003)). In line with the existing literature (see Besanko and Doraszelski

(2004) for a recent example), I pursue a computational approach to the Markov-perfect Nash industry

equilibrium (see Maskin and Tirole (1988, 2000)).

The remainder of the paper is organized as follows. Section 2 outlines my industry model of executive

compensation. Section 3 introduces my data and tests the model�s main prediction of an inverse relation-

ship between the magnitude of the performance-based component of optimal compensation contracts
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and the degree of product differentiation. Section 4 concludes. Proofs and details on the computation

of industry equilibrium are contained in Appendix A and Appendix B respectively.

2 An Industry Model of Executive Compensation

To formalize the link between executive pay and product differentiation I introduce a standard principal-

agent problem along the lines of Holmstrom (1979) and Holmstrom and Milgrom (1987) into a dynamic

industry equilibrium model with differentiated Bertrand competition. Shareholders, the principal,

choose executive compensation, while managers, the agent, make product market and effort choices.

The key feature of the model is that shareholders value managerial effort since product improvement

increases expected future proÞtability.

In this section I outline my industry model of executive compensation. To ease exposition, I consider

an industry without endogenous entry and exit (Appendix B outlines the general model with entry and

exit I study through numeric simulations in Section 3). Readers who are more interested in the effect

of product differentiation on executive compensation may wish to skim this section and proceed to the

empirical analysis in Section 3.

My model is an inÞnite-horizon dynamic game in an industry that comprises two Þrms, indexed

by i = {1, 2} . Each Þrm consists of a risk-neutral principal, which we refer to as the shareholder, and

a risk-averse agent, the manager. The shareholder can inßuence Þrm proÞtability only through his

choice of executive compensation, as product market and effort decisions are delegated to the manager.

Shareholders� discount rate is r−1 ∈ (0, 1) . Figure 1 summarizes the timing of events within each period.

Firms differ in the quality of their products. Firm i�s product quality is indexed by ωi ∈ {1, ..., Z} ≡

Ξ, which represents the Þrm�s individual state, and Z < ∞. The distribution of product qualities,

ω = (ω1, ω2) ≡ Ξ2, summarizes the state of the industry at each point of time. The model�s primitives

as well as Þrm�s own state, ωi, and the state of the industry, ω, are common knowledge. At the

5



beginning of each period, Þrms learn about the current state, ω. Once the state is realized, shareholders

choose executive compensation and, given compensation, managers choose effort, x, and compete in the

product market, with realized proÞts π.

Given demand, price competition determines product market proÞts, π. Every period managers

compete in a differentiated Bertrand duopoly. There are D consumers. Consumer i who chooses good j

obtains utility Uij = g (ωj)+(yi − pj)+eij, where ωj indexes product quality, g (ωj) is the mean utility

of consumers choosing good j, pj is its price, and yi is the consumer�s income. Each consumer makes

the choice that maximizes his utility. This demand structure is standard in industrial organization. As

shown in Pakes and McGuire (1994), it implies that the expected fraction of consumers who choose

good j, Σ (ω, p), is given by exp(g(ωj)−pj)
1+
PJ

q=1(g(ωq)−pq)
. Hence, with constant marginal cost, c, Þrm i proÞts are

given by π ≡ πi (ω, p) = DΣ (ω, p) (pi − c) . Every period, managers optimally choose the price, p, to

maximize proÞts.

Consistent with a well documented empirical property, learning-by-doing (see, for example, Hall

et al. (1986) and Lach and Schankerman (1988), and Cohen (1995) for a survey), product quality

is stochastically increasing in managerial effort, in the sense that although higher effort increases the

likelihood of success, it does not guarantee product improvement. Accordingly, state evolution for Þrm

i is governed by the following law of motion

ω0i = ωi + νi − ξ (1)

where ω0i is Þrm i�s state in the next period, νi ∈ {0, 1} is Þrm-speciÞc and represents product improve-

ment, and ξ ∈ {0, 1} is common to all Þrms and represents industry-wide depreciation. As higher states

correspond to higher product quality, if νi = 1, managers are successful at increasing product quality,

while if ξ = 1, the Þrm product has lower quality due to depreciation. An amount x of effort increases
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the probability of higher states, i.e. P (ω0i|ωi, ω−i, xi) = P (ω0i|xi) = xi
1+xi

, if νi = 1. A straightforward

implication of my chosen speciÞcation is that the probability of product improvement is a monotoni-

cally increasing concave function of effort, a property which, as shown in the next subsection, ensures

uniqueness of the solution to the problem of the optimal compensation choice. Finally, I require ν = 0

with probability one if x = 0, i.e. there can be no product improvement without at least some effort,

and P (0|x) = 0 for all x. Depreciation is exogenous and iid over time, i.e. P (ξ|ωi, ω−i, xi) = P (ξ) = δ,

if ξ = 1.

There is a standard agency problem as managerial effort is not contractible, i.e., following Grossman

and Hart (1986) and Hart and Moore (1990), I assume that shareholders do not have the ability

to contract on managers� effort. Denoting total compensation by w, then the manager�s payoff is

represented by the usual additively separable utility function:

Eu (w)− rψ (x)

where u (w) is manager�s period utility which I assume to be a linear function of total compensation

(risk-neutrality) and ψ (x) is the manager�s hidden cost of effort function, which I assume to take the

simple linear form, ψ (x) = x. Finally, as standard in incentive provision problems, I assume that every

period the manager has a reservation utility, i.e. he has access to an outside employment opportunity

from which he derives utility, O. Importantly, outside utility is an increasing function of effort, i.e.

O (x) > 0, ∂O (x) /∂x > 0

The central problem for shareholders is to design a managerial compensation package to motivate

the manager to exert effort. As is standard in the theoretical literature on executive compensation (e.g.

Holmstrom and Milgrom (1987), Hellwig and Schmidt (2002)), I only consider linear compensation
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contracts, i.e. contracts that specify the manager�s claim as a linear function of the observable outcome:

w = s+ αV
¡
ω0
¢

where s is the �base-salary� component of managerial compensation, which is non-performance based,

and αV (·) is the performance-based component of managerial compensation, with the �piece-rate,� α,

representing the pay-performance sensitivity and V (·) representing the stock-market value of the Þrm.

Given the probability distribution of ω, shareholders choose executive compensation (through the

board of directors, or the compensation committee), {s, α} , to maximize their expected proÞts net

of wage payments to the manager subject to satisfying the manager�s participation and incentive con-

straints. Governance decisions are rational in the sense that shareholders correctly anticipate the ensuing

product market equilibrium. Formally, the shareholders� problem is given by:

max
st,αt

V0 = E0

∞X
t=0

βt
¡
πt − r−1Et (wt)

¢
, s.t.

max
xt
Et (wt)− rψ (xt) ≥ O (xt) , ∀t

There are several noteworthy features of my model. First, my chosen speciÞcation of managerial

preferences and compensation structure is entirely standard in corporate Þnance since the seminal

contribution of Holmstrom and Milgrom (1987). Further, it is worth emphasizing that although I study

executive compensation in an industry setting, I willingly abstract from issues of strategic provision of

incentives such as studied in Fershtman and Judd (1987) and Sklivas (1987).

Second, my compensation framework is in line with the recent optimal delegation literature that

studies the optimal degree of delegation in organizations (see, for example, Dessein (2002)) and the

optimal separation of ownership and control (see, for example, Burkart, Gromb and Panunzi (1997),
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Gomes and Novaes (2004)).

Finally, pay-performance sensitivity choices, α, measure the extent to which shareholders induce

managers to exert effort. Due to product improvement managerial effort gains a dynamic component

which is novel to the literature: in my model shareholders value managerial effort most when it allows

them to make a difference in the sense of gaining a competitive hedge from product improvement.

2.1 Industry Equilibrium

At every point of time, industry structure is fully summarized by the current state of the industry, i.e.

the distribution of product qualities, (ωi, ω−i) , and whenever ωi ≥ ω−i, Þrm i is the current industry

leader and Þrm −i is the laggard. The evolution of the state of the industry is driven by managerial

effort, given the stochastic transition rule for individual states (1) . I solve for equilibrium in two steps:

Þrst, for any given market structure, (ωi, ω−i) , I solve for the unique effort and pricing choices of the

manager, x∗ (ωi, ω−i) and p∗ (ωi, ω−i) , and the resulting proÞts, π∗ (ωi, ω−i) ; second, I employ the

equilibrium proÞts obtained in the Þrst step to solve for shareholders� optimal compensation choices

and the resulting equilibrium industry structure, i.e. the constellation of Markov Perfect equilibrium

(MPE) long-run states of the industry.

I start with a characterization of the equilibrium effort and pricing choices of managers. In the

product market stage subgame, the Bertrand-Nash equilibrium in managers� pricing strategies is char-

acterized by the set of Þrst-order conditions ∂πi(ωi,ω−i,pi,p−i)∂pi
= 0, ∀i = 1, 2. For any given state of the

industry, (ωi, ω−i) , equilibrium proÞts are π∗ (ωi, ω−i) = π
¡
ωi, ω−i, p∗i , p∗−i

¢
. Given proÞts, managers

choose effort to maximize their expected utility, i.e. maxxt Et (wt) − rψ (xt) . It is straightforward to

show that the set of Þrst-order condition characterizing their choice of effort, x∗ (α) , for any given

compensation, {s, α} , is r = α∂EV (ω0) /∂x.

Shareholders choose executive compensation to maximize the discounted net present value of proÞts
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net of wage payments to the manager subject to satisfying the manager�s participation and incentive

constraints. Shareholders� maximization problem can be conveniently written in recursive form using

the value function, V (ωi, ω−i), which is deÞned by the following Bellman equation

V (ωi, ω−i) = max
si,αi

©
π∗ (ωi, ω−i)− r−1E (wi) + r−1EV

¡
ω0i, ω

0
−i
¢ª
, s.t. (2)

E (wi)− rψ (x∗ (αi)) ≥ O (x∗ (αi))

where EV
¡
ω0i, ω0−i

¢
=
P
(ω0i,ω0−i)∈Ξ2 V

¡
ω0i, ω0−i

¢
p
¡
ω0i, ω0−i|ωi, ω−i, x∗i , x∗−i

¢
is the expected value of future

proÞts to the shareholder of Þrm i given state ω. Denoting the return function of Þrm i�s shareholder by

Gi (ω,α (ω) , Vi) = π
∗ (ωi, ω−i)− r−1E(ω0i,ω0−i) (wi)+ r

−1E(ω0i,ω0−i)V
¡
ω0i, ω0−i

¢
, I can rewrite the Bellman

equation more compactly as V (ωi, ω−i) = maxsi,αi Gi (ω,α (ω) , Vi) . Note that the transition probability

function P (·) is continuous, which implies that G (·) is a continuous function of α (ω) and Vi for all ω

and i. A compensation strategy, αi (ω) , that attains the maximum given α−i (ω) is said to be optimal

given α−i (ω). The boundedness and continuity of G (·) ensures that the objective is well-deÞned and

that optimal compensation strategies exist.

In equilibrium, industry structure is determined by shareholders� choice of executive compensation,

but also by managers� pricing and effort strategies. My solution concept for industry structure is Markov

perfect equilibrium (MPE). This is subgame perfect equilibrium in Markov strategies, i.e. strategies that

depend only on the �payoff-relevant� (Maskin and Tirole (1988, 1995)) state of the game, ω = (ω1, ω2).

Further, my model implies a symmetric proÞt function, i.e., π (ωi, ωj) = πi (ωi, ωj) and π (ωj , ωi) =

πj (ωi, ωj) , I can restrict attention to symmetric MPE. This implies symmetry in value functions,

V (ωi, ωj) = Vi (ωi, ωj) and V (ωj , ωi) = Vj (ωi, ωj) , and in policy functions, α (ωi, ωj) = αi (ωi, ωj) and

α (ωj, ωi) = αj (ωi, ωj) . Formally, I deÞne an MPE as follows

DeÞnition 1 A vector of strategies, α∗ (ω) =
¡
α∗i , α∗−i

¢ ∈ [0, α]2 is an MPE if for any Þrm i, any
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state ω, and any shareholder�s compensation strategy �α (ω) = (α∗i , �α−i) ∈ [0, a]2 , Gi (ω, a∗ (ω) , Vi) ≥

Gi (ω, �α (ω) , Vi) .

In words, an MPE is simply a vector of shareholder�s compensation strategies such that each strategy

is optimal given the rival�s strategy, starting from any state. Appendix A shows my model satisÞes the

boundedness, continuity, and uniqueness requirements in Proposition 4 in Doraszelski and Satterthwaite

(2003), which allows me to establish the following:

Theorem 1 There exists a unique symmetric MPE in pure compensation strategies to the game satis-

fying (2) with the following properties:

V (ω) = π∗ (ω)− x (α∗ (ω))−O (x (α∗ (ω))) + r−1EV ¡ω0¢ (3)

∂

∂α
[x (α∗ (ω)) +O (x (α∗ (ω)))] = r−1

∂

∂α
EV

¡
ω0
¢

(4)

Proof. See Appendix A.

The left hand side of equation (4) represents the marginal cost of high-power incentives for share-

holders: stronger reliance on the performance-based component of compensation, i.e. higher pay-

performance sensitivity, αi, increases the cost of managerial effort and the manager�s outside option.

Agency costs, however, are traded-off against productivity gains, as represented by the right hand

side of equation (4) . The key contribution of my dynamic model is to highlight a novel source of beneÞt

of high-power incentives: shareholders incentivize managers not only to increase current proÞtabil-

ity, but also to make a difference, i.e. to increase future proÞtability, r−1EV (ω0) , through product

improvements.

2.2 Empirical Implications

The models most direct empirical implications can be summarized as follows.
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Proposition 1 All else equal, there is a negative relationship between pay-performance sensitivity and

the degree of product differentiation. In particular, (i) an increase in product differentiation lowers pay-

performance sensitivity, i.e. dα
d∆V 0 > 0; (ii) there is a positive relationship between product differentiation

effort and pay-performance sensitivity, i.e. dx
dα > 0; (iii) industry leaders have weaker pay-performance

sensitivity than laggards, i.e. α (ωi, ω−i) < α (ω−i, ωi) , if ωi > ω−i.

Proposition 1 follows immediately from (applying the implicit function theorem to) equation (4).

In particular, as the marginal value of product improvements decreases with product differentiation,

equation (4) implies that pay-performance sensitivity should decrease as well. This negative relation

between product differentiation and pay-performance sensitivity forms the basis for my main empirical

tests below.

3 Data and Empirical Results

My industry model predicts an inverse relationship between the magnitude of the performance-based

component of optimal compensation contracts and the degree of product differentiation, as managerial

effort is less likely to make a difference for Þrms with more differentiated products. In this section I

implement an empirical test of this argument. In particular, after describing my panel data set, I solve

numerically for the industry equilibrium to show that this inverse relationship holds for reasonable

parametrizations of the model. Employing a structural model of industry equilibrium also allows me

to illustrate the joint determination of compensation and product qualities. I then specify an empirical

model relating pay-performance sensitivity to product differentiation. I employ several industry- and

Þrm-level proxies for the extent of product differentiation. I experiment with a number of speciÞcations

and include a variety of controls for industry effects and standard measures of product market com-

petition that have been employed in the literature. For a large panel of US executives between 1993
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and 2004, I document a reliable negative relationship between pay-performance sensitivity and product

differentiation.

3.1 Data

I combine data from two separate sources to explore this relationship empirically for a large panel of US

executives between 1993 and 2004. My data on compensation are drawn from the Standard and Poors

Compustat ExecuComp database. My data on product market substitutability across different Þrms

are drawn from the Censuses of Manufactures conducted by the Commerce department. This section

describes each of these data sources in turn.

3.1.1 Executive Compensation Data

My executive compensation data is from the ExecuComp dataset compiled by Standard and Poors.

This dataset includes data on total compensation for the top Þve executives (ranked annually by salary

and bonus) at each of the Þrms in the S&P 500, S&P Midcap 400, and S&P SmallCap 600. In addi-

tion to measures of short-term compensation such as salary and bonus, ExecuComp contains data on

components of long-term compensation such as long-term incentive plans, restricted stock, and stock

appreciation rights. I use available data from 1993 to 2004. Relative to the datasets used in the studies

by Jensen and Murphy (1990) and Gibbons and Murphy (1990), the advantages of the ExecuComp

data are that its sample encompasses the largest 1500 Þrms each year and is not restricted to just chief

executive officers.

Table 2 presents descriptive statistics on the components of executive compensation for all execu-

tives in the ExecuComp sample between 1993 and 2004 for whom complete data on total compensation

is available. The top panel of the table pertains to the 8,320 executives who are identiÞed as the chief

executive officer of the Þrm. The bottom panel describes the other 38,544 executives in the sample. My
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measure of total compensation can be divided into short-term compensation and long-term compen-

sation as standard in the literature (see, for example, Gibbons and Murphy (1990) and Aggarwal and

Samwick (1999)). Short-term compensation consists of salary, bonus, and other annual payments (e.g.,

gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases). Annual short-term

compensation averages $1,217,000 for the CEOs and $490,000 for the Non-CEOs. Long-term compen-

sation includes the value of restricted stock granted, stock options granted, payouts from long-term

incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).

The sample averages of long-term compensation are $3,097,000 for CEOs and $922,000 for Non-CEOs.

Stock options granted are by far the most important component of long-term compensation, accounting

for a sample average value of $2,508,000 for CEOs and $727,000 for Non-CEOs.

3.1.2 Other Firm Level Data

I include in my panel controls for Þrm characteristics whose relationship wit pay-performance sensitivity

has been documented in previous studies. Firm characteristics are from the CRSP/Compustat merged

industrial annual database (CCM). Outliers are removed by winsorizing the extreme observations in the

1% left or right tail of the distribution. I measure capital as property, plants, and equipment (item 8).

Tobin�s Q is the ratio of market value of assets to book value of assets. Market value of assets is deÞned

as total assets (item6) plus market equity minus book equity. Market equity is deÞned as common

shares outstanding (item 25) times Þscal-year closing price (item 199). Book equity is calculated as

stockholders equity (item 216) [or the Þrst available of common equity (item 60) plus preferred stock

par value (item 130) or total assets (item 6) minus total liabilities (item 181)] minus preferred stock

liquidating value (item 10) [or the Þrst available of redemption value (item 56) or par value (item

130)] plus balance sheet deferred taxes and investment tax credit (item 35) when available minus post

retirement assets (item 336) when available. Book value of assets is total assets (item 6). I measure
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return on equity (ROE) as the ratio of earnings to average equity for the prior Þscal year (item 20/(item

60+ item 60t−1)).

3.1.3 Industry Data

I use several sources for industry data. For comparability with previous studies I limit my sample to

the manufacturing sector, which contains twenty 2-digit standard industrial classiÞcation (SIC) codes

from 20 to 39, and, within these 2-digit SICs, 458 separate four-digit SICs (ranging from 2001 to 3999).

Financing Þrms (SICs 6000-6999), and regulated utilities (SICs 4900-4999) are excluded. I use four-digit

SIC classiÞcations to deÞne industry membership. In unreported tables I replicate my Þndings at the

three-digit level with no qualitatively different results.

To proxy for product differentiation at the industry level I follow Rauch�s (1999) classiÞcation of

4-digit SITC sectors into two categories. Rauch�s index is widely employed in the empirical literature on

international trade with differentiated products (see, for example, Bernard, Jensen, and Schott (2003)).

Homogeneous sectors include goods that are internationally traded in organized exchanges, with a well-

deÞned price (e.g., wheat). Differentiated sectors are those sectors that do not satisfy this criterion.

Rauch uses two standards to make his classiÞcation, one liberal and one conservative. I use the liberal

standard because it is more stringent in the classiÞcation of goods as Differentiated. When a 3-digit

sector includes 4-digit subsectors that belong to different classiÞcations, the 3-digit sector is broken

down accordingly, each part including only the relevant 4-digit sectors.

To proxy for industry turbulence and Þrm heterogeneity within an industry I use average job turnover

within in industry and average distance of Þrms from median industry sales. These measures have been

previously employed, although with a different motivation, respectively in job turnover (see Davis,

Haltiwanger, and Schuh (1996)) and capital structure studies (see Titman (1984), MacKay and Phillips

(2005)). This measure allows me to proxy for the intensity of managerial effort directed toward product
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improvement.

To control for standard measures of product market competition used in previous studies, I include

in my panel concentration ratios from the Census of Manufactures, conducted by the Bureau of the

Census as part of the quinquennial Economic Censuses. My measure of concentration is the ratio of the

sales of the top four Þrms in the industry to total industry sales.

3.2 Numerical Results

To show that the inverse relationship between the magnitude of the performance-based component of op-

timal compensation contracts and the degree of product differentiation holds for reasonable parametriza-

tions of the model I need to solve numerically for the industry equilibrium. Compensation and product

qualities are joint outcome of the equilibrium of the industry. I incorporate entry and exit into the basic

model presented in Section 2 (details on the full mode with entry and exit are in Appendix B) so as to

allow for an endogenous determination of industry structure. Computing equilibrium effort, compen-

sation, pricing, and entry and exit functions allows me to characterize both the transient and ergodic

properties of the Markov process that determines equilibrium industry structure, i.e. the distribution

of Þrms over industry states, respectively in the short- and in the long-run. I simulate the model for

10,000 periods and argue that with realistic discount rates the inverse relation between pay-performance

sensitivity and product differentiation emerges as an equilibrium outcome.

The model primitives I need to parametrize are π (·) , γ, r, xe, φ, and P, i.e. demand and costs,

managerial preferences, technological opportunities, and the institutional structure of the industry.

Table 1 contains a summary of parameter values. To compute the symmetric MPE, I use a variant of

the iterative algorithm of Pakes and McGuire (1994) which I detail in Appendix B. Demand and cost

patterns determine the proÞt function, π (·) . I choose the market size parameter, D, so as to have at

most three active Þrms. Consequently, I set the maximum number of active Þrms in the industry, N,
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to three.

Technological opportunities are fully described by the properties of the stochastic process that

governs the law of motion between states. My chosen parameter value for the rate of depreciation, δ,

is standard and implies an equal chance of incurring or not depreciation. Managerial preferences are

limited to risk-aversion, γ, which I set equal to 1.2. Finally, the �institutional� structure of the industry

is described by the common discount rate, (1 + r)−1 , the scrap value, φ, and the sunk entry cost, Xe. I

choose r to match a standard annual interest rate of 4%. Sunk entry cost is chosen so that on average

entry costs are about 1/125th of total production costs within a period. The scrap value is chosen to

be half of the sunk entry cost. This, together with our choice of a relatively high entry state (ωE = 4),

ensures that in the benchmark entry is relatively cheap and exit entails a relatively low value.

The central empirical implication of the model is the inverse relation between pay-performance

sensitivity and product differentiation. The top panel of Figure 2 illustrates this prediction by plotting

the �piece-rate� implied by the optimal compensation contract as a function of the state of the industry:

relatively higher degree of product differentiation (a right-ward movement along Þrm 1 axis) translates

into substantially lower pay-performance sensitivity. The lower panels of Figure 2 illustrate the implied

relation between product differentiation and managerial effort (right-panel) and shareholder value (left-

panel), i.e. the maximized expected present value of proÞts net of compensation. Effort and shareholder

value are plotted each as a function of the state of the industry. As for managerial effort, compensation

induces managers to exert large effort at the early stages of product differentiation until there is no

further beneÞt from product improvement.

Table 1 reports detailed statistics on the characteristics of the industry equilibrium under the chosen

parametrization. There are two Þrms active in about 90% of the periods. The industry also displays

a relatively high turnover, with average length of time such that same pair of duopolists is active

of 22 periods. There are periods when one Þrm falls behind and eventually exits so that its rival
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earns monopoly proÞts, but these periods are negligible in the overall history of the industry. To

detail how industry structures and product qualities evolve over time, Figure 3 depicts the marginal

probability distribution of industry states (ωi, ω−i), after T = 5, 25, 50 periods, starting from state

(0, 0). This allows me to study the transitory (short-run) dynamics of the Markov process that drives

the equilibrium dynamics of the industry. The Þgure also contains the distribution of industry states

to which the Markov process converges in the long-run, i.e. when T is large enough.

As shown in Figure 3, the industry converges to symmetric states over time. SpeciÞcally, state (7, 7)

emerges as the mode of the marginal distribution after 25 years and has a probability 0.08, 0.12 after

T = 25, 50 periods, respectively. While asymmetric states are possible if one Þrm�s product improvement

effort fails and the other�s succeeds, asymmetric states become less likely over time. For example, states

(8, 6) and (6, 8) each have a probability of 0.06, 0.05 after T = 25, 50 periods, respectively. This is a

direct implication of the central result that managerial effort makes a difference at the early stages of

product differentiation, when the laggard works harder than the leader to catch up, hence restoring

symmetry. In my benchmark parametrization, the long-run equilibrium of the industry is characterized

by a unimodal distribution with mode (8, 8) and fraction of time spent at the mode of 0.037.

3.3 Regression Results

My industry model of executive compensation predicts a negative relation between pay-performance

sensitivity and product differentiation (Proposition 1). I test this prediction using an industry-level

measure of product differentiation. I extend the standard econometric framework that estimates the

sensitivity of pay to performance (see Murphy (1999) for a careful description of this approach) by

allowing pay-performance sensitivity to vary in proportion to my measures of product differentiation.
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Accordingly, I estimate the following equation:

wijt = α1πjt + α2Djπjt + α3Dj + α4Xjit + εjit (5)

where the executive i works at Þrm j in year t. The dependent variable, wijt, is compensation, and

the independent variables are Þrm performance, πjt, alone and interacted with my measure of product

differentiation, Dj. I also include as controls my measure of product differentiation itself and a number

of other variables, such as a dummy that controls for whether the executive is a CEO and a concentration

measure that controls for effects found in previous studies (Aggarwal and Samwick (1999). Finally, I

follow Jensen and Murphy (1990) and use as my measure of Þrm performance, πjt, the total dollar

returns to shareholders including capital gains and dividends but net of inßation on their holdings at

the beginning of the period.

I also include year- and 2-digit SIC industry-Þxed effects. The inclusion of these industry Þxed-

effect ensures that it is not the variation in the average pay-performance sensitivities between 2-digit

industry groups but the variation in the pay-performance sensitivity within those groups that identiÞes

the estimated coefficient. Including the industry effects also controls for any other factor such as a

macroeconomic shock that varies across broad industry groups but not within the narrow industries

that comprise them. Note that I cannot estimate the model with a more disaggregated Þxed effect (e.g.,

at the level of the Þrm or the executive) because my main measure of product differentiation, Rauch�s

(1999) index, does not vary across executives in a given Þrm or over the years of my data sample. The

null hypothesis is that α2, the coefficient on the interaction of performance and product differentiation,

is equal to zero.

The left panel of Table 3 presents the estimates of equation (5) with total compensation as the

dependent variable and Rauch�s (1999) index as my industry-level measure of product differentiation.
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In all speciÞcations, executive compensation is denominated in thousands and Þrm performance is

denominated in millions of dollars. I report results for three baseline regressions: (1) with no additional

controls, then (2) including industry-Þxed effects, and Þnally (3) including industry-Þxed effects as

well as controls. In all speciÞcations, consistent with my industry model of executive compensation, I

Þnd a negative and highly signiÞcant coefficient on the interaction of product differentiation and Þrm

performance (-0.03 in the speciÞcation with controls): Þrms in industries with differentiated products

have lower pay-performance sensitivity.

Looking at column 1, the Þrst coefficient shows that an executive�s total compensation increases

by 7.7 cents for every thousand dollars of incremental shareholder wealth per year in an industry with

homogeneous products (i.e., the one for which my product differentiation dummy equals zero). The

third coefficient shows that this pay-performance sensitivity decreases by 1.2 cents per thousand as one

moves from an industry with homogeneous products to an industry with differentiated products. Thus,

the pay-performance sensitivity is 6.5 cents per thousand in industries with differentiated products.

The second and third columns show that this result is robust to adding Þxed effects and controlling

for Þrm size and industry concentration. For example, looking at column 2, the Þrst coefficient shows

that an executive�s total compensation increases by 18.3 cents for every thousand dollars of incremental

shareholder wealth per year in an industry with homogeneous products (i.e., the one for which my

product differentiation dummy equals zero). The third coefficient shows that this pay-performance

sensitivity decreases by 2.4 cents per thousand as one moves from an industry with homogeneous

products to an industry with differentiated products. Thus, the pay-performance sensitivity is 15.9

cents per thousand in industries with differentiated products. This is somewhat higher than Jensen and

Murphy (1990) who found that for total compensation the pay-performance sensitivity was 3.29 cents

per thousand, but in line with Aggarwal and Samwick (1999) who estimated the sensitivity to be in the

range of 9 to 10 cents per thousand.
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To test part (iii) of Proposition 1, the center panel of Table 3 presents the estimates of equation

(5) with total compensation as the dependent variable and the sample split based on a measure of

Þrm position within its industry. In particular, I measure Position as the ratio of the Þrm�s sales to

industry median sales in the beginning of the year. The center panel of Table 3 shows that, consistent

with the model, the effect of product differentiation on pay-performance sensitivity depends on the

Þrm�s position within its (4-digit SIC) industry. In fact, column 5 shows that for industry laggard,

deÞned as Þrms in the lower half of the distribution of the ratio of sales to industry sales, an executive�s

total compensation increases by 93.4 cents for every thousand dollars of incremental shareholder wealth

per year in an industry with homogeneous products (i.e., the one for which my product differentiation

dummy equals zero). Column 6 contrasts this estimate with the case of industry leaders: now the

pay-performance sensitivity is not statistically signiÞcant.

As my model allows for industry factors to cause one executive to be paid more than another, in

my empirical speciÞcation I allow for these factors. In addition the full set of 2-digit industry and year

Þxed-effects, I also include my product differentiation dummy itself and a dummy variable that takes

on a value of one if the executive is a CEO and zero otherwise. Including the product differentiation

dummy allows for the level of compensation to be different between industries with differentiated prod-

ucts and industries with homogeneous products, independent of Þrm performance. The second row in

column 3 shows that total compensation increases with product differentiation. Including the indicator

variable is motivated by the differences in the level (more so than in the composition) of executive

compensation revealed in Table 2. The fourth coefficient in column 3 shows that CEOs receive more in

total compensation than do non-CEOs, consistent with the unconditional difference shown in Table 2.

The right panel of Table 3 presents the estimates of equation (5) using short-term compensation as

the dependent variable. The results are qualitatively very similar to those in the left panel but, as could

be expected, quantitatively smaller. For example, looking at column 6, the Þrst coefficient shows that
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an executive�s short-term compensation increases by 0.3 cents for every thousand dollars of incremental

shareholder wealth per year in an industry with homogeneous products (i.e., the one for which my

product differentiation dummy equals zero) but that this change is not statistically signiÞcant. The

third coefficient shows that this pay-performance sensitivity decreases by 0.5 cents per thousand as one

moves from an industry with homogeneous products to an industry with differentiated products.

In Table 3 I have constrained pay-performance sensitivity to be equal for CEOs and non-CEOs,

allowing only their average level of compensation to differ. In Table 4 I relax this assumption and

estimate the same set of regressions restricting the sample to only CEOs. The results are qualitatively

the same as in the full sample of executives, with larger magnitudes on all of the coefficients. The pay-

performance sensitivities will be higher in the sample of CEOs because they bear more responsibility

for decisions within the Þrm that affect proÞts. Based on the OLS estimation for total compensation,

reported in the left panel of Table 4, looking at column 1, the Þrst coefficient shows that an executive�s

total compensation increases by 12 cents for every thousand dollars of incremental shareholder wealth

per year in an industry with homogeneous products (i.e., the one for which my product differentiation

dummy equals zero). The third coefficient shows that this pay-performance sensitivity decreases by 1.5

cents per thousand as one moves from an industry with homogeneous products to an industry with

differentiated products. Looking at column 3, which includes controls and Þxed effects, the estimated

pay-performance sensitivity is larger for CEOs than on average for executives and equal to 45.7 cents

per thousand in industries with differentiated products.

To test part (ii) of Proposition 1, the left panel of Table 5 presents the estimates of equation (5) with

total compensation as the dependent variable and a measure of industry-wide differentiation effort built

along the lines of MacKay and Phillips (2005). In particular, as my model predicts higher effort in more

symmetric industries, I construct a measure of industry �Symmetry,� based on the average distance

of Þrms from industry median sales in the beginning of the year. Following part (ii) of Proposition
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1, I predict a positive relation between Hedge and pay-performance sensitivity. In all speciÞcations,

executive compensation is denominated in thousands and Þrm performance is denominated in millions

of dollars. Again, I report results for three baseline regressions: (1) with no additional controls, then

(2) including industry-Þxed effects, and Þnally (3) including industry-Þxed effects as well as controls.

In all speciÞcations, consistent with my industry model of executive compensation, I Þnd a positive and

highly signiÞcant coefficient on the interaction of industry symmetry and Þrm performance: industries

with more symmetric Þrm sale distribution have higher pay-performance sensitivity than industries with

a more skewed Þrm sale distribution.

The second and third columns show that this result is robust to adding Þxed effects and controlling

for Þrm size and industry concentration. To test part (iii) of Proposition 1, the center panel of Table

5 presents the estimates of equation (5) with total compensation as the dependent variable and the

sample split based on a measure of Þrm position within its industry. Again, I measure Position as the

ratio of the Þrm�s sales to industry median sales in the beginning of the year. The center panel of

Table 5 shows that, consistent with the model, the effect of industry symmetry on pay-performance

sensitivity depends on the Þrm�s position within its (4-digit SIC) industry. In fact, column 5 shows

that for industry laggard, deÞned as Þrms in the lower half of the distribution of the ratio of sales to

industry sales, an executive�s total compensation increases by 30 cents for every thousand dollars of

incremental shareholder wealth per year in an industry with homogeneous products (i.e., the one for

which my product differentiation dummy equals zero). Column 6 contrasts this estimate with the case

of industry leaders: now the pay-performance sensitivity is about 23 cents per thousand.

The right panel of Table 5 presents the estimates of equation (5) using short-term compensation as

the dependent variable. The results are qualitatively very similar to those in the left panel. In Table

5 I have constrained pay-performance sensitivity to be equal for CEOs and non-CEOs, allowing only

their average level of compensation to differ. In Table 6 I relax this assumption and estimate the same
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set of regressions restricting the sample to only CEOs. As in the case of my industry-level measure of

product differentiation, the results are qualitatively the same as in the full sample of executives, with

larger magnitudes on all the coefficients.

Finally, as a further test part (ii) of Proposition 1, the left panel of Table 7 presents the estimates of

equation (5) with total compensation as the dependent variable and a measure of industry turbulence,

gross job turnover, based on Davis, Haltiwanger, and Schuh (1996). In particular, I measure turbulence

as industry gross job turnover. As my model predicts higher average effort in more turbulent industries,

based on part (ii) of Proposition 1, I predict a positive relation between turnover and pay-performance

sensitivity. In all speciÞcations, executive compensation is denominated in thousands and Þrm perfor-

mance is denominated in millions of dollars. Again, I report results for three baseline regressions: (1)

with no additional controls, then (2) including industry-Þxed effects, and Þnally (3) including industry-

Þxed effects as well as controls. In all speciÞcations, consistent with my industry model of executive

compensation, I Þnd a positive and highly signiÞcant coefficient on the interaction of turnover and Þrm

performance.

The second column shows that this result is robust to adding Þxed effects. The right panel of Table

7 presents the estimates of equation (5) using short-term compensation as the dependent variable. The

results are qualitatively very similar to those in the left panel. For example, looking at column 6,

the Þrst coefficient shows that an executive�s short-term compensation increases by 1 cent for every

thousand dollars of incremental shareholder wealth per year for Þrms with no product differentiation

expenses. The third coefficient shows that this pay-performance sensitivity increases by 0.5 cents per

thousand with an increase in industry turnover. Table 8 shows that when I estimate the same set of

regressions while restricting the sample to only CEOs, the results are qualitatively the same as in the

full sample of executives, with larger magnitudes on all the coefficients.

Throughout my theoretical and empirical work, I have limited my measure of total compensation
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to the annual ßow of resources that the shareholders could have kept for themselves had they not used

it to compensate the executive. In practice, an executive also receives incentives from the effects of her

actions on the value of her holdings of stock in her own Þrm. If an executive owns stock in her Þrm, then

the total increment in her wealth due to the performance of her Þrm will include not only the extra pay

she receives as part of the pay-performance sensitivity built into her compensation but the appreciation

on her personal stock holdings. Recognizing this, the shareholders of her Þrm will incorporate a lower

pay-performance sensitivity into her contract. Hence, the optimal compensation contract becomes a

function of both the degree of product differentiation and the executives holdings. Conditional on

a particular allocation of the executives personal wealth, however, the relationship between product

differentiation and pay-performance sensitivity is unchanged.

To check for robustness of my results to the incentives provided by inside ownership, in Table 9 I

control for the executives holdings of her Þrm. Column 1 reports estimates of equation (5) using total

compensation as the dependent variable. Although the estimated coefficient of insider ownership is

negative and signiÞcant, all my previous Þndings on the relation between product differentiation and

pay-performance sensitivity stand. For example, the Þrst coefficient shows that an executive�s short-

term compensation increases by 72 cents for every thousand dollars of incremental shareholder wealth

per year in an industry with homogeneous products (i.e., the one for which my product differentiation

dummy equals zero). The third coefficient shows that, all else equal, this pay-performance sensitivity

decreases by 5.2 cents per thousand as one moves from an industry with homogeneous products to an

industry with differentiated products.

Endogeneity: Instrumental Variables Analysis of Pay-Performance Sensitivity Up to this

point, I have not addressed potential endogeneity and omitted variables issues. However, such concerns

are hardly implausible. For example, if less incentivized managers compete more aggressively and
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drive rivals from the market, Þrms with lower pay-performance sensitivity will end up leaders in more

concentrated industries, biasing the results of my analysis. Since potential endogeneity makes the

interpretation of the panel estimated coefficient problematic, I need to Þnd exogenous sources of variation

in my Þrm position measure.

To verify that my estimates are not spurious, I estimate (5) through two-stages least-squares using

Þrst stage estimated errors as an instrument for my position measure. Table 10 presents the results.

The Þrst coefficient shows that an executive�s short-term compensation increases on average by 33.7

cents for every thousand dollars of incremental shareholder wealth per year (i.e., the one for which

my product differentiation dummy equals zero). The third coefficient shows that, all else equal, this

pay-performance sensitivity decreases by 33 cents per thousand as one moves from the last laggard to

the Þrst leader, bringing the overall sensitivity down to .7 cents per thousand.

In sum, instrumental variable estimates point to a causal effect of position on pay-performance

sensitivity, which is large and signiÞcant. Overall, the regressions of executive compensation on Þrm

performance in Tables 3 through 10 provide strong empirical support for my model�s predictions derived

in Section 2. My results show that pay-performance sensitivity decreases with the degree of product

differentiation. Based on these results, I conclude that industry has an important effect on the structure

of executive compensation.

4 Conclusion

This paper contributes to the debate on executive compensation by arguing that industry forces are of

Þrst-order importance in determining executive compensation. I incorporate a standard agency model of

executive compensation into a dynamic industry equilibrium setting to study the link between product

differentiation and executive compensation. I show that there is an inverse relationship between the

magnitude of the performance-based component of optimal compensation contracts and the degree of
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product differentiation. This central prediction of my model follows from the fact that managerial effort

is less likely to make a difference for Þrms with more differentiated products.

I test this prediction empirically in a large panel of US executives between 1993 and 2004 and

Þnd strong evidence of an inverse relationship between pay-performance sensitivity and product differ-

entiation. In particular, I Þnd that pay-performance sensitivity depends negatively on industry- and

Þrm-level measures of product differentiation, even after controlling for industry Þxed effects and stan-

dard measures of product market competition. Moreover, industry leaders have weaker pay-performance

sensitivity than laggards, even after controlling for Þrm size.

Agency models of executive compensation emphasize the trade-off between incentives and insurance

but are typically silent on the sources of value of managerial effort. My model and empirical tests point

to product differentiation as an important channel through which managerial effort affects shareholder

value. Moreover, they provide a novel explanation for the infrequent use of high-powered incentives:

they don�t always make a difference for shareholders.
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Appendix A. Proofs

Proof of Theorem (1). I Þrst prove existence of a symmetric, pure strategy MPE by verifying that

my model (2) satisÞes the conditions of Proposition 4 in Doraszelski and Satterthwaite (2005) (DS).

Using a backward induction argument for δ = 0, I then show that the equilibrium is unique.

Proposition 2 (Doraszelski and Satterthwaite (2005)) Assume that

1. (i) The state space is Þnite, i.e. N < ∞ and M < ∞. (ii) ProÞts are bounded, i.e. there exists

π < ∞ s.t. −π < πi (ω) < π for all ω and all i. (iii) Investments is bounded, i.e., x < ∞ and

xe < ∞. (iv) The distributions of scrap values F (·) and setup costs F e (·) have continuous and

positive densities and bounded supports, i.e. there exist φ < ∞ and φ
e
< ∞ s.t. the supports

of F (·) and F e (·) are contained in the interval £−φ, φ¤ and h−φe, φei , respectively. (v) Firms
discount future payoffs, i.e., β ∈ [0, 1).

2. Gi (ω, u (ω) , Vi) is a continuous function of x (ω) , ξ (ω) , and Vi for all ω and all i, where u (ω) =

(x (ω) , ξ (ω)) is the vector of Þrms� effort and cutoff entry/exit strategies.

3. Transition function P (·) is UIC admissible and x is Þnite and larger than β
³
V
∗ − V ∗

´
, with

Vi ∈
h
V ∗, V ∗

i|S|
.

4. The local income functions are symmetric and exchangeable, i.e.

Gi (ω1, ..., ωi−1, ωi, ωi+1, ..., ωN , u1 (ω) , ..., ui−1 (ω) , ui (ω) , ui+1 (ω) , ..., uN (ω) , Vi)

= G1 (ωi, ..., ωi−1, ω1, ωi+1, ..., ωN , ui (ω) , ..., ui−1 (ω) , u1 (ω) , ui+1 (ω) , ..., uN (ω) , V1)
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for all symmetric functions and all i, and

G1 (ω1, ω2, ..., ωk, ..., ωl, ..., ωN , u1 (ω) , u2 (ω) , ..., uk (ω) , ..., ul (ω) , ..., uN (ω) , V1)

= G1 (ω1, ω2, ..., ωl, ..., ωk, ..., ωN , u1 (ω) , u2 (ω) , ..., ul (ω) , ..., uk (ω) , ..., uN (ω) , V1)

for all exchangeable functions, k ≥ 2, and all l ≥ 2.

Under assumptions 1, 2, and 3, an equilibrium exists in cutoff entry/exit and pure investment strate-

gies. If, in addition assumption 4 holds, then a symmetric and anonymous equilibrium exists in cutoff

entry/exit and pure investment strategies.

Lemma 1 There exists a symmetric MPE in pure strategies to the game that satisÞes (3)− (4).

Proof. It suffices to verify that the game satisÞes assumptions 1-4 in Prop A-0. Note that for

the basic model in Section 2 without entry and exit I only need to provide arguments for existence and

uniqueness of compensation strategies.

1. My model has 2 Þrms with states ωi ∈ {1, ...,M} and M < ∞. Firms discount future payoffs

using (1 + r)−1 ∈ (0, 1), and I assume that compensation expenditures are bounded (x < ∞).

Boundedness of cost function (assumed functional form for costs implies that c (M + n) = c (M)

∀n) implies that the proÞt function π∗ (ωi, ωj) is bounded. These boundedness conditions satisfy

assumption 1 in (DS).

2. Vi enters Gi (·) only through the expected value of Þrm i�s future cash ßows, ensuring continuity

of Gi (·) in Vi for all ω and all i. Moreover, current proÞt is additively separable from investment

and the transition probability function P (·) is continuous, which implies that G (·) is a continuous

function of x (ω) for all ω and i. Continuity of Gi (ω, x (ω) , Vi) in x (ω) and Vi satisÞes assumption

2 in (DS).
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3. My transition probability function P (ω0i|ωi, ω−i, xi) satisÞes the unique investment choice (UIC)

admissibility condition in (DS). We assume, in addition, that x > β
³
V
∗ − V ∗

´
, with Vi ∈h

V ∗, V ∗
i|S|

, which ensures that assumption 4 in (DS) holds.

4. My model of product market competition gives rise to symmetric proÞt functions, i.e. π1 (ωi, ωj) =

π2 (ωj , ωi) . Moreover, P1
³
ω0i, ω0j , ωi, ωj , xi (ω) , xj (ω)

´
= P2

³
ω0j , ω0i, ωj , ωi, xj (ω) , xi (ω)

´
. This

ensures that the local income functions Gi (·) are symmetric and exchangeable, and, thus, satisfy

assumption 5 in (DS).

Lemma 2 For δ = 0, the MPE equilibrium of the game is unique.

Proof. I establish uniqueness inductively by Þrst showing that it holds for boundary states, and

then that it is also true for interior states. Before doing so, I restate (3) and (4) explicitly using the

transition probability function P (ω0i|ωi, ω−i, xi) = xi
1+xi

.

1. Bellman equation:

V (ωi, ωj) = max
xi

½
π∗ (ωi, ωj)− xi + 1

1 + r

³
V (ωi, ωj) + p (xi)∆i �V (ωi, ωj |xj)

´¾
(6)

2. Optimal effort:

x∗ (ωi, ωj) =
r

1

1 + r
∆i �V (ωi, ωj|xj)− 1 (7)

where∆i �V (ωi, ωj |xj) ≡ �V (ωi + 1, ωj |xj)− �V (ωi, ωj|xj) and �V (ωi, ωj|xj) = p (xj)V (ωi, ωj + 1)+

(1− p (xj))V (ωi, ωj) is the expected continuation value in state (ωi, ωj), where the expectation is

taken w.r.to the rival�s probability of advancement.
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Substituting (7) back into (6), I obtain V (ωi, ωj) = π∗ (ωi, ωj) + 1
1+rV (ωi, ωj) + (x

∗ (ωi, ωj))2 , or

V (ωi, ωj) =
π∗ (ωi, ωj) + (x∗ (ωi, ωj))2

1− 1
1+r

(8)

To establish uniqueness of MPE, I argue by induction starting at state (Z,Z). Note that all states

(Z + k, Z + h) are payoff-equivalent to state (Z,Z) for k, h ≥ 0. Consequently, if a unique MPE exists

for state (Z,Z), the same unique equilibrium exists for all states (Z + k, Z + h).

State (Z,Z): At state (Z,Z), I have ∆iEj �V (ωi, ωj|xj) = 0 since the MPE does not vary as either xi

or xj increases. Consequently, (7) has unique solution xi = 0, which implies that P (ω0i|xi) = xi
1+xi

= 0,

and, substituting into the Bellman equation, that V (Z,Z) = π∗(Z,Z)
1− 1

1+r

, which is unique given uniqueness

of subgame-perfect equilibrium proÞts.

Boundary states (L,Z) , L < Z: A boundary state exists whenever ωi ≥ M for i = 1, 2. Assume a

unique MPE exists for the subgame beginning in state (L+ 1, Z) . Symmetry implies that there exists a

unique MPE for the subgame beginning in state (Z,L+ 1) . Thus, �Vi (L+ 1, Z) exists and is well deÞned.

Using (6) , Þrm 2�s value function is V (M,Z) = maxxj

n
π∗ (M,Z)− xj + 1

1+rV (M,Z)
o
and the

unique solution is xj = 0, so that

V (M,Z) =
π∗ (M,Z)
1− 1

1+r

Firm 1�s value function is

V (L,Z) = max
xi

½
π∗ (L,Z)− xi + 1

1 + r
(V (L,Z) + p (xi) (V (L+ 1, Z)− V (L,Z)))

¾
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I begin by ruling out x as an optimal choice. By construction of V
∗
and V ∗,

Gi (..., x, ...) ≤ πi (L,Z)− x+ βV ∗

Gi (..., 0, ...) ≥ πi (L,Z)− 0 + βV ∗

Hence

Gi (..., x, ...)−Gi (..., x, ...) ≤ −x+ βV ∗ − βV ∗ < 0

where the last inequality follows from assumption 3. This implies that x cannot be an optimal choice

and that Gi (..., xi (ω) , ...) must be decreasing somewhere on [0, x] .

Equation (7) implies in a boundary state, (L,Z) , that x∗ (L,Z) is given by the solution to

(x∗ (L,Z) + 1)2 (1 + r) = V (L+ 1, Z)− π
∗ (L,Z) + (x∗ (L,Z))2

1− 1
1+r

(9)

which follows from substituting V (L,Z) from (8) into (9) . Rearranging (9) , I obtain the quadratic

equation in (1 + r) (x∗ (L,Z))2 + 2rx∗ (L,Z) + e = 0 where

e = r + π∗ (L,Z)− V (L+ 1, Z)
µ
1− 1

1 + r

¶

First, suppose that 4r2 − 4 (1 + r) e ≥ 0, or V (L+ 1, Z) ≥ π∗(L,Z)
1− 1

1+r

+ 1. Then there are two roots

(which may coincide) to the quadratic equation: the smaller root is negative (since 2r ≥ 0), whereas the

larger root

�x (L,Z) =
−r +pr2 − (1 + r) e

(1 + r)
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may be negative, zero, or positive.

�x (L,Z) is thus the only candidate for an interior solution within (0, x) to the Þrm�s problem. The

following three cases can arise:

1. Gi (..., xi (ω) , ...) may be strictly decreasing on the interval [0, x] . Then the unique maximizer is

0.

2. �x (L,Z) ∈ (0, x) may be a local minimum. Then, on the interval [0, x] , Gi (..., xi (ω) , ...) is strictly

decreasing (increasing) to the left (right) of �x (L,Z) . Because x cannot be an optimal choice, the

unique maximizer is 0.

3. �x (L,Z) ∈ (0, x) may be a local maximum. Then, on the interval [0, x] , Gi (..., xi (ω) , ...) is strictly

increasing (decreasing) to the left (right) of �x (L,Z) . Hence, the unique maximizer is �x (L,Z) .

Suppose next that 4r2− 4 (1 + r) e < 0, or V (L+ 1, Z) < π∗(L,Z)
1− 1

1+r

+1, so that the quadratic equation

has no real roots. Then Gi (..., xi (ω) , ...) must be either strictly decreasing or strictly increasing on

[0, x] . But we have already established that Gi (..., xi (ω) , ...) must be decreasing somewhere on [0, x] ;

therefore it cannot be possibly strictly increasing on [0, x] . Hence, Gi (..., xi (ω) , ...) is strictly decreasing

on [0, x] , and the unique maximizer is 0.

It follows then that there is a unique solution to (9) , given V (L+ 1, Z) that exists uniquely under

the induction hypothesis. Moreover, �x (L,Z) uniquely deÞnes V (L,Z) according to (8) .
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Appendix B. Details of Computation

This appendix describes the approach used to solve the full model with entry and exit numerically once

the parameters of the model are set. Every period there are n ≤ N heterogeneous Þrms active and N−n

potential entrants. To enter from state ωe shareholders must pay a random sunk cost of xei drawn from a

distribution F e (·) independently and identically distributed across Þrms and periods with E (φei ) = φe.

Setup costs are private information. We let χei (ω, φ
e
i ) ∈ {0, 1} indicate stay out or entry respectively.

If a string of unsuccessful outcomes occurs, shareholders may Þnd it optimal to exit and liquidate the

Þrm, in which case they get a sell-off value of φi dollars, exit in the next period and never re-enter again.

Following Doraszelski and Satterthwaite (2003), we assume that scrap values are randomly drawn from

a distribution F (·) with E (φi) = φ, independently and identically distributed across Þrms and periods,

and privately observed prior to making exit and effort decisions. We let χi (ω, φi) ∈ {0, 1} indicate exit

or continuation respectively. With respect to our earlier deÞnition in Section 2, the symmetric MPE now

comprises also an operating probability, which for an incumbent is given by ϕi (ω) =
R
χi (ω, φi)dF (φi)

and represents the probability that incumbent i remains in the industry, while for a potential entrant is

ϕei (ω) =
R
χei (ω, φ

e
i )dF (φ

e
i ) and represents the probability that potential entrant i enters the industry.

The solution to the problem of the Þrm is found using value and policy function iteration method

along the lines of Pakes and McGuire (1994). It exploits the computational simpliÞcation entailed by the

Markov Perfect assumption combined with the recursivity of the optimization problem. The algorithm

iterates on the vector containing value functions, V , and the vector of policies, X, (one for each state ω),

until the maximum of the element-by-element difference between successive iterations in these vectors

is below a pre-speciÞed tolerance level. All computations are carried out in Gauss 3.0.

The algorithm iterates on the V and X matrices until the maximum of the element-by-element

difference between successive iterations in these matrices is below a pre-speciÞed tolerance level. The

calculations in each iteration are performed separately for each row (industry structure) using only the
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old values of the matrices V and X. If each element of V and X has converged, then we are assured of

having computed a MPNE of the dynamic game.

I describe the process that provides us with new V and X matrices at every iteration. The computa-

tion is done separately for each element of V and X. Thus I describe what the algorithm does to V [ω, n]

and X [ω, n], where ω is the industry vector, and n stands for ωi, for every [ω, n] ∈ (Ωn,N) . Although

I illustrate the updating process for the typical element [ω, n] , this process is done to all possible states

[ω, n] ∈ (Ωn, N) .

For a given (ω, n), the values of V (ω, n) and X (ω, n) at each new iteration are calculated as follows:

� V : the value function at the kth iteration is written as

V k (ω, n) = max


φ, supx≥0A (ω, n)− x+ β

1P
τ1=0

...
1P

τN=0

1P
ν=0

V k−1 (ω + τ − ν, n)×

p
³
τ1|xk−11 , ν

´
..p (τh|x, ν) ..p

³
τN |xk−1N , ν

´
p (ν)


Denote the Þrm�s expected discounted value for each of the two possible realizations of its state

process, τ , as

CV (z, n) = β


1P

τ1=0
...

1P
τh−1=0

1P
τh+1=0

...
1P

τN=0

1P
ν=0

V k−1 (z − ν, n) p (ν)×

p
³
τ1|xk−11 , ν

´
..p
³
τh−1|xk−1h−1, ν

´
p
³
τh+1|xk−1h+1, ν

´
..p
³
τN |xk−1N , ν

´


That is, CV (·) sums over the probability weighted average of the possible states of the future

competitors, but not over the investing Þrm�s own future states. Hence, I can rewrite V k as

V k (ω, n) = max

φ, supx≥0

 A (ω, n)− x+ β ax
1+axCV (ω + e (n) , n)

+β 1
1+axCV (ω, n)


 (10)
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where e (j) is a vector of zeros except for the jth element which is one. Then, whenever V k (ω) ≥ φ

V k (ω, n) = sup
x≥0

·
A (ω, n)− x+ β ax

1 + ax
CV (ω + e (n) , n) + β

1

1 + ax
CV (ω, n)

¸

� X: denote by xk (ω, n) the level that solves (10) , and by Dx the derivative with respect to x.

Assuming that the Þrm remains active, the optimal x (ω, n) solves

1 = β

·
Dx

µ
ax

1 + ax

¶
CV (ω + e (n) , n) +Dx

µ
1

1 + ax

¶
CV (ω, n)

¸
1 = β

·
Dx

µ
ax

1 + ax

¶
v1−Dx

µ
ax

1 + ax

¶
v2

¸

and v1 ≡ CV (ω + e (n) , n) and v2 ≡ CV (ω, n) . Note that

Dx

µ
1

1 + ax

¶
=

a

(1 + ax)2
= a [1− p (x)]2

when τ = 1 (and, hence, p (x) = ax
1+ax). Thus, x (ω, n) solves

1 = β
h
a [1− p (x)]2 v1− a [1− p (x)]2 v2

i
1 = βa [1− p (x)]2 (v1− v2)

[1− p (x)]2 =
1

βa (v1− v2)

=⇒ p (x) = 1−
s

1

βa (v1− v2)

Taking the inverse of p (x) , implies x (ω, n) = p(x)
a−ap(x) .
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� Finally, I can use the derived formula to update the value function

V k (ω, n) = max

φ, supx≥0

 A (ω, n)− x (ω, n) + β ax(ω,n)
1+ax(ω,n)CV (ω + e (n) , n)

+β 1
1+ax(ω,n)CV (ω, n)




Note that if V k (ω, n) = φ, then x is 0 with probability one. Hence, the actual x level is

xk (ω, n) =
n
V k (ω, n) ≥ φ

o
x (ω, n)

where {·} is the indicator function which takes the value of one when condition inside is satisÞed,

and zero otherwise.
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Appendix C. Figures and Tables
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Figure 2: Compensation, ProÞts, and Effort
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The top panel plots compensation choice of Firm 1, α∗1 (ω1, ω2) , as a function of the state of the industry,
ω = (ω1, ω2), assuming that two Þrms are active: Firm 1 and Firm 2. The top lower panels plot the value
function of Firm 1, V1 (ω1, ω2) , as a function of the state of the industry, ω = (ω1, ω2), assuming that two
Þrms are active: Firm 1 and Firm 2; and managerial effort of Firm 1, x1 (ω1, ω2) , as a function of the state of
the industry, ω = (ω1, ω2), assuming that two Þrms are active: Firm 1 and Firm 2. Higher states correspond to
higher product quality.
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Figure 3: Evolution of Industry Structure
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I plot the frequency with which an industry conÞguration (ω1, ω2) occurs after T = 5, 25, 50 years and the
limiting distribution (T = 10000). States (·, 1) and (1, ·) correspond to monopolization of the industry by Firm
1 (Firm 2). Higher states correspond to higher product quality.
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Figure 4: Pay-Performance Sensitivity and Firm Position
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This Þgure plots estimated pay-performance sensitivities for CEOs of Þrms in different position deciles. Pay-
performance sensitivity is estimated with pooled OLS regressions. The dependent variable is a measure of ex-
ecutive compensation in a particular Þrm year. The measure of total CEO compensation consists of short-term
compensation and long-term compensation. Short-term compensation consists of salary, bonus, and other annual
payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases). Long-term
compensation includes the value of restricted stock granted, stock options granted, payouts from long-term incen-
tive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments). Performance is
deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of period market
value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Position is the ratio
of the Þrm�s sales to industry median sales in the beginning of the year, winsorized at 1%. Data is annual for
1993-2004, with only manufacturing (SIC 2000-3999) Þrms included.
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Table 1: Industry Structure

Statistic Value
% with 1 Þrm active 5.9
% with 2 Þrms active 88.5
% with 3 Þrms active 5.6

% with entry and exit 8.0
% with entry 15.3
% with exit 15.3

HHI 0.53
1/N 0.52
NVar(ms) 0.02
NVar(ms)/HHI 8%

Mean lifespan 16.54
Turnover rate 12.4

Average length of runs
1 Þrm active 2.3
2 Þrms active 25.2
3 Þrms active 3.2

Effort
1 Þrm active 1.31
2 Þrms active 1.83
3 Þrms active 2.52

Mean price-cost margin 2.1
Mean sunk entry inv/output 1.1%

Statistics are computed over 10000 periods (years) starting at random draws from the ergodic distribution of
states. HHI =

PN
i=1ms

2
i is the HerÞndahl index of the industry, where msi is Þrm i�s market share and N is

the number of active Þrms. Var(ms) is the variance of market shares in the industry. Turnover rate is computed
as {(#periods with entry+#periods with exit-#periods with entry and exit)/total #periods * 100}.

Parameters:

Parameter Description Value
D demand 5
δ rate of depreciation 0.5
φ scrap value 0.1
Xe sunk entry cost 0.2
β discount rate 0.96
γ manager preferences 1.2
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Table 2: Components of Executive Compensation

This Table presents descriptive statistics on the components of executive compensation for all executives in
the ExecuComp sample for years 1993-2004 for whom complete data on total compensation is available. The top
panel of the table pertains to the executives who are identiÞed as the chief executive officer of the Þrm. The
bottom panel describes the other executives in the sample. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Long-term share is the average share of compensation that is long-term, at the individual level.

Payment Category Mean Median Standard
(Thousands of Dollars) Deviation

CEOs (N=8320)
Total Compensation 4315 2051 12677
Short Term Compensation 1217 893 1180
Salary 599 544 325
Bonus 569 322 937
Other Annual 49 0 250

Long Term Compensation 3097 1011 12405
Restricted Stock Granted 283 0 1633
Stock Options Granted 2508 703 12078
LT Incentive Plan Payout 166 0 813
All Other 138 20 845

Long-Term Share of Total 0.484 0.427 0.264

Non-CEOs (N=38544)
Total Compensation 1442 746 2844
Short Term Compensation 490 365 830
Salary 281 244 164
Bonus 191 105 752
Other Annual 19 0 185

Long Term Compensation 922 310 2516
Restricted Stock Granted 80 0 554
Stock Options Granted 727 209 2191
LT Incentive Plan Payout 50 0 263
All Other 52 9 490

Long-Term Share of Total 0.423 0.444 0.270
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Table 3: Executive Compensation and Product Differentiation - All Executives

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Position
within industry is determined by the ratio of the Þrm�s sales to industry median sales in the beginning of the year,
winsorized at 1%: leaders are Þrms in the highest quartile of the ratio, laggards are Þrms in the lowest quartile
of the ratio. Product differentiation is a dummy variable, where 1 signiÞes that the industry is classiÞed as one
with differential products according to Rauch (1999). Industry concentration is domestic four-Þrm concentration
ratio. Size is assets at the beginning of the year, winsorized at 1%. Industry Þxed effects are at the 2-digit SIC
level. Note that I cannot estimate the model with a more disaggregated Þxed effect (e.g., at the level of the
Þrm or the executive) because my measure of product differentiation does not vary across executives in a given
Þrm or over the time span of data in the sample. Data is annual for 1993-2004, with only manufacturing (SIC
2000-3999) Þrms included. Standard errors are robust to heteroskedasticity and arbitrary serial correlation within
industry-year cells.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.077∗∗∗ 0.183∗∗∗ 0.257∗∗∗ 0.035 0.934∗∗∗ 0.003
(0.004) (0.019) (0.033) (0.058) (0.276) (0.007)

Product Differentiation -14.064 22.581 262.861∗∗∗ 274.375 360.657∗∗∗ 36.292∗∗∗

(47.069) (52.138) (69.552) (203.826) (114.812) (14.743)
Performance* -0.012∗∗∗ -0.024∗∗∗ -0.030∗∗∗ -0.015 -0.411∗∗∗ -0.005∗∗∗

Product Differentiation (0.002) (0.007) (0.008) (0.013) (0.147) (0.001)
Concentration 291.675∗∗∗ 921.872∗∗∗ 70.773 16.894

(87.011) (240.070) (128.453) (18.377)
Performance* -0.009 -0.028 0.002 0.004
Concentration (0.013) (0.021) (0.254) (0.003)

Size 2791.474∗∗∗ 3888.176∗∗∗ 1332.597∗∗∗ 783.853∗∗∗

(111.480) (433.778) (232.141) (23.575)
Performance*Size -0.148∗∗∗ 0.038 -0.319 -0.003

(0.030) (0.051) (0.280) (0.006)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 16019 16019 13887 4376 4281 15318
Firms 449 449 449 449 449 449
Adjusted R2 0.33 0.36 0.40 0.38 0.27 0.35

49



Table 4: Executive Compensation and Product Differentiation - CEO Only

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Position
within industry is determined by the ratio of the Þrm�s sales to industry median sales in the beginning of the year,
winsorized at 1%: leaders are Þrms in the highest quartile of the ratio, laggards are Þrms in the lowest quartile
of the ratio. Product differentiation is a dummy variable, where 1 signiÞes that the industry is classiÞed as one
with differential products according to Rauch (1999). Industry concentration is domestic four-Þrm concentration
ratio. Size is assets at the beginning of the year, winsorized at 1%. Industry Þxed effects are at the 2-digit SIC
level. Note that I cannot estimate the model with a more disaggregated Þxed effect (e.g., at the level of the
Þrm or the executive) because my measure of product differentiation does not vary across executives in a given
Þrm or over the time span of data in the sample. Data is annual for 1993-2004, with only manufacturing (SIC
2000-3999) Þrms included. Standard errors are robust to heteroskedasticity and arbitrary serial correlation within
industry-year cells. The sample is limited to include only executives that were a CEO in a given Þrm year.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.119∗∗∗ 0.339∗∗∗ 0.657∗∗∗ 0.403∗∗∗ 0.217 0.048∗∗∗
(0.012) (0.034) (0.072) (0.108) (0.463) (0.017)

Product Differentiation -181.608 -250.871 538.552∗∗∗ 486.151 282.475 -31.731
(150.430) (191.567) (172.297) (473.384) (245.116) (35.981)

Performance* -0.015∗∗∗ -0.021∗∗ -0.020∗∗∗ -0.010 -0.296∗∗∗ -0.014∗∗∗

Product Differentiation (0.006) (0.009) (0.007) (0.012) (0.109) (0.004)
Concentration 842.137∗∗∗ 2213.690∗∗∗ -110.822 83.718∗

(209.023) (494.445) (293.955) (44.774)
Performance* 0.039∗∗∗ 0.004 1.163∗∗∗ 0.014∗

Concentration (0.012) (0.018) (0.264) (0.007)
Size 5781.408∗∗∗ 7693.778∗∗∗ 3025.864∗∗∗ 1546.937∗∗∗

(232.104) (771.696) (536.395) (49.533)
Performance*Size -0.587∗∗∗ -0.364∗∗∗ -0.678∗ -0.041∗∗∗

(0.070) (0.104) (0.396) (0.015)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 3059 3059 3059 905 896 3071
Firms 449 449 449 449 449 449
Adjusted R2 0.42 0.49 0.57 0.58 0.47 0.58
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Table 5: Executive Compensation and Symmetry - All Executives

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Symmetry
is industry-year average proximity to median sales in the industry. Position within industry is determined by the
ratio of the Þrm�s sales to industry median sales in the beginning of the year, winsorized at 1%: leaders are Þrms
in the highest quartile of the ratio, laggards are Þrms in the lowest quartile of the ratio. Industry concentration
is domestic four-Þrm concentration ratio. Size is assets at the beginning of the year, winsorized at 1%. Industry
Þxed effects are at the 2-digit SIC level. Note that I cannot estimate the model with a more disaggregated Þxed
effect (e.g., at the level of the Þrm or the executive) because my measure of product differentiation does not vary
across executives in a given Þrm or over the time span of data in the sample. Data is annual for 1993-2004,
with only manufacturing (SIC 2000-3999) Þrms included. Standard errors are robust to heteroskedasticity and
arbitrary serial correlation within industry-year cells.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.062∗∗∗ 0.117∗∗∗ 0.344∗∗∗ 0.234∗∗∗ 0.313∗∗∗ 0.001
(0.003) (0.007) (0.017) (0.031) (0.113) (0.003)

Symmetry -366.031∗∗∗ -449.727∗∗∗ 46.555 267.468∗ 38.481 -8.244
(47.498) (49.078) (48.918) (157.382) (66.983) (9.884)

Performance* 0.027∗∗∗ 0.025∗∗∗ 0.020∗∗∗ -0.001 0.205∗∗∗ 0.001∗∗

Symmetry (0.003) (0.004) (0.003) (0.006) (0.076) (0.001)
Concentration 126.391∗∗∗ 716.586∗∗∗ -47.336 -8.829

(54.139) (165.075) (69.929) (10.710)
Performance* 0.026∗∗∗ 0.005 0.408∗∗∗ 0.0004
Concentration (0.005) (0.008) (0.086) (0.001)

Size 2546.753∗∗∗ 3549.519∗∗∗ 1217.896∗∗∗ 801.838∗∗∗

(61.279) (227.320) (103.058) (11.935)
Performance*Size -0.311∗∗∗ -0.192∗∗∗ -0.392∗∗∗ -0.008∗∗∗

(0.017) (0.032) (0.094) (0.003)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 30326 30326 30216 8670 8300 30326
Firms 449 449 449 449 449 449
Adjusted R2 0.29 0.36 0.37 0.32 0.25 0.35
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Table 6: Executive Compensation and Symmetry - CEO Only

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Symmetry
is industry-year average proximity to median sales in the industry. Position within industry is determined by the
ratio of the Þrm�s sales to industry median sales in the beginning of the year, winsorized at 1%: leaders are Þrms
in the highest quartile of the ratio, laggards are Þrms in the lowest quartile of the ratio. Industry concentration
is domestic four-Þrm concentration ratio. Size is assets at the beginning of the year, winsorized at 1%. Industry
Þxed effects are at the 2-digit SIC level. Note that I cannot estimate the model with a more disaggregated Þxed
effect (e.g., at the level of the Þrm or the executive) because my measure of product differentiation does not vary
across executives in a given Þrm or over the time span of data in the sample. Data is annual for 1993-2004,
with only manufacturing (SIC 2000-3999) Þrms included. Standard errors are robust to heteroskedasticity and
arbitrary serial correlation within industry-year cells. The sample is limited to include only executives that were
a CEO in a given Þrm year.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.116∗∗∗ 0.113∗∗∗ 0.608∗∗∗ 0.385∗∗∗ 0.703∗∗∗ 0.059∗∗∗

(0.011) (0.011) (0.025) (0.047) (0.252) (0.007)
Symmetry -925.050∗∗∗ -1202.607 -125.116∗∗∗ -234.478 317.852 -42.620∗∗

(153.185) (157.654) (78.382) (246.646) (160.425) (19.053)
Performance* 0.025∗∗∗ 0.022∗∗ 0.021∗∗∗ 0.006 0.588∗∗∗ 0.004∗∗∗

Symmetry (0.010) (0.011) (0.005) (0.010) (0.186) (0.001)
Concentration 338.198∗∗∗ 1801.339∗∗∗ -388.950 46.107∗∗

(85.089) (257.844) (165.729) (21.038)
Performance* 0.058∗∗∗ -0.007 1.477∗∗∗ -0.007∗∗∗

Concentration (0.005) (0.012) (0.213) (0.002)
Size 3668.342∗∗∗ 6556.956∗∗∗ 1516.402∗∗∗ 1322.711∗∗∗

(94.049) (354.147) (254.640) (23.620)
Performance*Size -0.531∗∗∗ -0.330∗∗∗ 0.226 -0.038∗∗∗

(0.025) (0.048) (0.234) (0.007)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 5805 5805 5783 1662 1585 5805
Firms 449 449 449 449 449 449
Adjusted R2 0.38 0.39 0.35 0.38 0.47 0.54
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Table 7: Executive Compensation and Job Turnover - All Executives

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Turnover
is industry average annualized job creation and destruction (Davis, Haltiwanger, and Schuh (1998)). Position
within industry is determined by the ratio of the Þrm�s sales to industry median sales in the beginning of the year,
winsorized at 1%: leaders are Þrms in the highest quartile of the ratio, laggards are Þrms in the lowest quartile
of the ratio. Industry concentration is domestic four-Þrm concentration ratio. Size is assets at the beginning of
the year, winsorized at 1%. Industry Þxed effects are at the 2-digit SIC level. Note that I cannot estimate the
model with a more disaggregated Þxed effect (e.g., at the level of the Þrm or the executive) because my measure
of product differentiation does not vary across executives in a given Þrm or over the time span of data in the
sample. Data is annual for 1993-2004, with only manufacturing (SIC 2000-3999) Þrms included. Standard errors
are robust to heteroskedasticity and arbitrary serial correlation within industry-year cells.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.051∗∗∗ 0.049∗∗∗ 0.327∗∗∗ 0.219∗∗∗ 0.393∗∗∗ 0.010∗∗∗

(0.002) (0.002) (0.018) (0.032) (0.100) (0.004)
Turnover -27.816 14.646 -87.192 -240.589 -149.056 -0.725

(18.996) (20.059) (55.453) (185.810) (72.472) (11.213)
Performance* 0.010∗∗∗ 0.011∗∗∗ 0.035∗∗∗ 0.020∗ 0.226∗∗∗ 0.005∗∗

Turnover (0.001) (0.001) (0.006) (0.011) (0.088) (0.001)
Concentration 86.247 638.151∗∗∗ -36.510 -5.205

(57.279) (188.011) (72.047) (11.578)
Performance* 0.054∗∗∗ 0.018 0.414∗∗∗ 0.002
Concentration (0.006) (0.011) (0.088) (0.001)

Size 2541.601∗∗∗ 3590.888∗∗∗ 1215.061∗∗∗ 767.004∗∗∗

(60.429) (236.023) (103.273) (12.187)
Performance*Size -0.308∗∗∗ -0.189∗∗∗ -0.404∗∗∗ -0.003

(0.017) (0.031) (0.098) (0.003)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 29606 29606 29596 8526 8245 29606
Firms 449 449 449 449 449 449
Adjusted R2 0.18 0.18 0.36 0.31 0.24 0.34
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Table 8: Executive Compensation and Job Turnover - CEO Only

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments (e.g., gross-ups for tax liabilities, perquisites, preferential discounts on stock purchases).
Long-term compensation includes the value of restricted stock granted, stock options granted, payouts from
long-term incentive plans, and all other compensation (e.g., contributions to beneÞt plans, severance payments).
Performance is deÞned as the product of the total inßation-adjusted return to shareholders and the beginning of
period market value of the Þrm (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Turnover
is industry average annualized job creation and destruction (Davis, Haltiwanger, and Schuh (1998)). Position
within industry is determined by the ratio of the Þrm�s sales to industry median sales in the beginning of the year,
winsorized at 1%: leaders are Þrms in the highest quartile of the ratio, laggards are Þrms in the lowest quartile
of the ratio. Industry concentration is domestic four-Þrm concentration ratio. Size is assets at the beginning of
the year, winsorized at 1%. Industry Þxed effects are at the 2-digit SIC level. Note that I cannot estimate the
model with a more disaggregated Þxed effect (e.g., at the level of the Þrm or the executive) because my measure
of product differentiation does not vary across executives in a given Þrm or over the time span of data in the
sample. Data is annual for 1993-2004, with only manufacturing (SIC 2000-3999) Þrms included. Standard errors
are robust to heteroskedasticity and arbitrary serial correlation within industry-year cells. The sample is limited
to include only executives that were a CEO in a given Þrm year.

Total Compensation Total Compensation: Short Term
Leader Laggard Compensation

no Þxed Þxed Þxed Þxed Þxed Þxed
effects, no effects, no effects, effects, effects, effects,
controls controls controls controls controls controls
(1) (2) (3) (4) (5) (6)

Performance 0.108∗∗∗ 0.225∗∗∗ 0.658∗∗∗ 0.555∗∗∗ 0.710∗∗ 0.045∗∗∗

(0.012) (0.025) (0.051) (0.083) (0.331) (0.010)
Turnover -48.854 428.279 -99.542 -41.221 -331.054 28.306

(165.951) (181.388) (164.047) (495.688) (217.116) (36.673)
Performance* -0.010 0.004 0.052∗∗∗ 0.038 0.522∗∗∗ 0.021∗∗∗

Turnover (0.011) (0.020) (0.018) (0.029) (0.113) (0.004)
Concentration 392.706∗∗ 1858.257∗∗∗ -378.371 25.184

(169.022) (500.968) (268.507) (36.438)
Performance* 0.075∗∗∗ 0.021 1.662∗∗∗ 0.004
Concentration (0.018) (0.030) (0.137) (0.004)

Size 5715.116∗∗∗ 7970.165∗∗∗ 2465.036∗∗∗ 1687.024∗∗∗

(176.513) (623.214) (394.514) (39.857)
Performance*Size -0.625∗∗∗ -0.535∗∗∗ -0.882∗∗∗ -0.035∗∗∗

(0.049) (0.082) (0.335) (0.010)

Industry Þxed effects No Yes Yes Yes Yes Yes
Year Þxed effects Yes Yes Yes Yes Yes Yes
Observations 5651 5651 5651 1634 1587 5651
Firms 449 449 449 449 449 449
Adjusted R2 0.38 0.43 0.54 0.53 0.41 0.54
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Table 9: Summary and Robustness

This table reports pooled OLS regressions of pay-performance sensitivity. The dependent variable is a measure
of executive compensation in a particular Þrm year. The measure of total compensation can be divided into short-
term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and other
annual payments. Long-term compensation includes the value of restricted stock granted, stock options granted,
payouts from long-term incentive plans, and all other compensation. Performance is deÞned as the product of
the total inßation-adjusted return to shareholders and the beginning of period market value of the Þrm divided
by 100 (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Product differentiation is a
dummy variable, where 1 signiÞes that the industry is classiÞed as one with differential products according to
Rauch (1999). Industry concentration is domestic four-Þrm concentration ratio. Turnover is industry average
annualized job creation and destruction (Davis, Haltiwanger, and Schuh (1998)). Symmetry is industry-year
average proximity to median sales in the industry. Percentage Owned is the percentage of common equity held by
the executive through stocks and options. Industry Þxed effects are at the 2-digit SIC level. Note that I cannot
estimate the model with a more disaggregated Þxed effect (e.g., at the level of the Þrm or the executive) because
my measure of product differentiation does not vary across executives in a given Þrm or over the time span of
data in the sample. Data is annual for 1993-2004, with only manufacturing (SIC 2000-3999) Þrms included. All
regressions include year and industry Þxed effects. Standard errors are robust to heteroskedasticity and arbitrary
serial correlation within industry-year cells.

All Executives CEO Only

robustness summary robustness summary
(ownership leader laggard (ownership leader laggard
and Þrm age) and Þrm age)

(1) (2) (3) (4) (5) (6)
Performance 0.723∗∗∗ 0.072 0.578∗∗∗ 1.827∗∗∗ 0.477∗∗∗ 1.505∗∗∗

(0.059) (0.055) (0.206) (0.214) (0.133) (0.686)
Percentage Owned 41.647 544.921∗

(88.739) (318.458)
Performance* -0.578∗∗∗ -1.135∗∗∗

Percentage Owned (0.027) (0.117)
Performance -0.052∗∗∗ -0.029 -0.389∗∗∗ -0.169∗∗ 0.028 -0.673
Product Differentiation (0.017) (0.018) (0.133) (0.086) (0.046) (0.449)

Performance* 0.181∗∗∗ 0.026 0.261∗∗ 0.416∗∗∗ 0.009 1.149∗∗∗

Turnover (0.038) (0.035) (0.134) (0.132) (0.081) (0.468)
Performance* 0.305∗∗∗ 0.002 0.152∗∗ 0.287∗∗∗ 0.005 0.846∗∗

Symmetry (0.029) (0.007) (0.071) (0.102) (0.018) (0.388)
Performance* 0.094∗∗∗ -0.029 0.509∗∗∗ -0.041 0.027 1.341∗∗∗

Concentration (0.034) (0.023) (0.138) (0.126) (0.058) (0.482)
Performance* -0.377∗∗∗ 0.001 -0.388∗∗∗ -0.900∗∗∗ -0.495∗∗∗ -0.573∗

Size (0.059) (0.050) (0.143) (0.208) (0.115) (0.338)
Performance* 0.101∗∗∗ 0.175∗
Firm Age (0.026) (0.097)

Observations 1848 4712 4185 1143 903 844
Firms 449 449 449 449 449 449
Adjusted R2 0.21 0.38 0.26 0.40 0.63 0.48
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Table 10: Executive Compensation and Industry Characteristics - IV

This table reports pooled 2SLS regressions of pay-performance sensitivity. The dependent variable is a
measure of executive compensation in a particular Þrm year. The measure of total compensation consists of
short-term compensation and long-term compensation. Short-term compensation consists of salary, bonus, and
other annual payments. Long-term compensation includes the value of restricted stock granted, stock options
granted, payouts from long-term incentive plans, and all other compensation. Performance is deÞned as the
product of the total inßation-adjusted return to shareholders and the beginning of period market value of the Þrm
divided by 100 (Jensen and Murphy (1990)). Industry is deÞned by four-digit SIC code. Product differentiation
is a dummy variable, where 1 signiÞes that the industry is classiÞed as one with differential products according
to Rauch (1999). Industry concentration is domestic four-Þrm concentration ratio. Turnover is industry average
annualized job creation and destruction (Davis, Haltiwanger, and Schuh (1998)). Symmetry is industry-year
average proximity to median sales in the industry. Position is the empicial cumulative distribution of the ratio of
Þrm�s sales to industry median sales. Percentage Owned is the percentage of common equity held by the executive
through stocks and options. Industry Þxed effects are at the 2-digit SIC level. Note that I cannot estimate the
model with a more disaggregated Þxed effect (e.g., at the level of the Þrm or the executive) because my measure of
product differentiation does not vary across executives in a given Þrm or over the time span of data in the sample.
Data is annual for 1993-2004, with only manufacturing (SIC 2000-3999) Þrms included. All regressions include
year and industry Þxed effects. Standard errors are robust to heteroskedasticity and arbitrary serial correlation
within industry-year cells.

IV
(1)

Performance 0.337∗∗∗

(0.131)
Position 437.402∗∗∗

(168.611)
Performance* -0.329∗∗∗

Position (0.122)
Performance -0.043∗∗∗

Product Differentiation (0.016)
Performance* 0.088∗∗∗

Turnover (0.024)
Performance* 0.068∗∗∗

Symmetry (0.016)
Performance* -0.024
Concentration (0.031)

Performance* -0.223∗∗∗

Size (0.030)

Observations 13080
Firms 449
Adjusted R2 0.23
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